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HISTORY 01' FVSAKlUM-niB'HT 


The Irish potato (So/anum has Ix-en one tif the most 

profitable crops growTi in tiie Greeley distriet of northern Oiltjiatlo, 
In this fertile, irrigated section, one of the ohlesl in tlie etmiilrv, the 
potato gave large yields for many years before any stTitnis setbaeks 
occurred. From 1908 to 1912 the inroads of disease* ihri'atined the 
industry severely, and in 1911 and 1912 the crops were f:uhm‘s. In 
1915 a laboratory was established at Greeley fur the study of j^)talo 
troubles, but since tliat year the yearly hisses leive In eii light , iMisariniii' 
blight has been present, however, as a eonspieuuus malady. 

Fiisariiini-blight, or j)Otato-wilt, is well reeuL;iii/ed in nearU' all the 
potato growing regions of tlie eouiitry, except in the c-.xtrciiu- \c»tth 
eastern States. Tt is caused most fn-ijin iitlv ))V Ihr fungus 
oxyspoytitn Seldeel., though otlier sju'c-irs of tliis g< nils leave boon found 
involved. In 1H99' Smith 1 / s,)‘ first piowd that s|n‘i'iesof this gi mis 
would cause plant -v. ills, and in I'gij Smitli and Swmgir (if>] dcseiijn d 
a i)Otato will and tube r rot du*' to /■ . roj / It w.as be lie ve d bv 

them that the neam of I’i/.zigoni <;<o and "f \\<liin< i i/y) was ieh-n 
tical with t lu'ir species, 1 he; eonfii'ion wliie'h cMjtid ti'.'or iln- de lantiou 
of species was largely remove el bv iIm taxoiiomie' investigations <d 
A])pel and u'oliem.'o ber u }, Carpenter o.-), ^•]!el■bal-:oi^ U ;), and We.lh n 
vveber {20). Mann. tatou o/j, i'fatl ^11 Wih-x (/V;, rnideaht ts 
have continued to reveal tlie great lo -( t vshi< li '-jncit s <»[ , hn sii iiim 
cause in the ])0talo inehistry an<l have suggesh-d midiods of ion! to!. 
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PREVALENCE AND LOSS 

Fusarium-blight has not appeared to persist in any one locality. 
Its visitations are sporadic. The losses are, therefore, not to be esti- 
mated in concrete terms. In Colorado in 1917, a favorable season for 
the crop, about 46,000 acres of potatoes were grown. It is estimated 
thatj owing to disease, 10 per cent of the acreage planted gave either 
reduced yield or no yield. In a good field most of the diseased plants 
soon pass out of sight and make no impression on the casual observer. 
Yet these occasional diseased plants probably resulted in a loss of 500,000 
bushels in Colorado alone. At other times the disease spreads more 
generally, and whole fields go down and are lost. Since the part of 
Fusarium spp. in the creation of disease depends largely on enviroiimcntdl 
factors, it is important to note that the conditions which prevail in 
Colorado do not exist in the same way in other places. The descriptions 
of diseases caused by species of Fusarium already published do not, 
therefore, closely apply to Colorado, because the climate, coupled with 
the soil conditions and irrigation practice existing there, creates a condi- 
tion unknown in the East, where most of the work on Fusaruim spp. 
has l)ecn done. 

DESCRIPTION OF DISEASED PLANTS 

The common manifestations of the disease are a wilting and rolling 
of a few leaves, followed quickly, slowly, or intermittently by the wilting 
of the remainder and usually the premature death of the foliage. Occa- 
sionally a single leaf will wilt, turn yellow, and die, whereas the remainder 
of the plant may continue healthy throughout thes eason. Frequently 
one of the two or more stems of a hill wilts and dies, w'hile the others re- 
main turgid and healthy. The time of appeamnce varies greatly. It may 
be noticeable when the first leaves appear or at any time throughout the 
season up to maturity! A faint lightening in the color of the plant may 
indicate a gradual attack, and when the attack is severe, a large plant may 
pass from health to complete collapse in two days. Fate in the season, 
three or four weeks before frost, plants turgid and unwilted, are found 
upon w'hich all the upper leaves are rolled. They are a little lighter 
in color than iionnal plants, and have often been designated by the 
uninitiated as being diseased by leafroll. Plate 41, B, shows a plant of 
this type; the leaves are rolled, but show no w'ilting. These plants 
may continue Ao lighten in color, the leaves to roll, and gradually to 
die. These conditions are due to the presence of Fusarium mycelium 
in the vascular tissues of the stem. Plate 40, D, shows a plant on which 
the leaves have rolled and are gradually dying. What has actually 
hapiienei) in this plant is that the fungus has created a physiological 
drouth which has extended over a long period. .Upon examining 
plants in the earlier stages of wilt, the stem and roots are usually found 
clean and apparently healthy, but the seed pi^e has rotted, and remains 
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as a wet, jelly-like mass. I.,atcr in ifu* the sit'd picct* practicully 

disappears, aiid the roots and stem may ix-come Idaokeiinl and (Uva\ i'ti, 
At first the stems may be wet ar^d slipperv, but in time they biHxune 
dry, brittle, and friable* Ihe main and later;il ukiCs of plants ha\'injj 
rolled leaves late in the season arc often iionnal in external apjx'aruiicc. 

The term “ Fusarium-blight ” is preferred for the disease', Uvaiisi^ it 
is more applicable to all its stages. The name " I’otato-wilt'* has lu'cn 
used elsewhere, and so Jias “Kiisarimn wiU;’ but their use is likely Xn 
cause confusio^ with other diseases, and are not aeeuuitelv descriptive, 
as tliey limit the picture to wilt. As will bo seen later, the term 
“Fusariuiii-blight” covers the diseases much more ncemately. 

I NOLT L AT 1 0\ I'X I' 1 ;K 1 M ICXTS 

The cause of Fiisarinm blight is /*'. oxysporum. OUier sptt ies of 
Fusarium are capable of j)roduciDg similar plunomeua in the jM»tato 
plant, but h\ oxysporum is tlie species commonly found in isolation 
cultures from diseased material. 

At various times cut jxjtato tul)ers liavc been iiKK'ulated with sjMirc 
susspensionsof P" oxysporum and kept in moist chambers in the lalxirutory. 
These tubers were always destroyed by the action of the fungus, while 
* controls made in the same manner with sterile water remained luuihal. 

On July 17, 1917, six smooth iCarly Ohio tubeis were given syrf:«e 
sterilization. Kach tuber was cut into twf> (-(jiial j)arls, one lialf In iiig 
reserved for control and the other lialf for fungus intxailalioii. (»!ass 
rings of the Van 'Pieghem cell type were smeareil (m tlio edges will) 
petrolatum and put down on tlie center of t lie cut surface rpf the IuIhi 
after it had dried sliglitly from cutting. 'I' wo dro])s of a heavy sjx)ie 
suspension from an authentic i)ure culture of l\ oiysporuvi were jdaced 
within the ring under aseptic conditions, and the cell cfosed with a cover 
glass. The controls were prepared the same way willi sterile water. 
These seed tubers were taken to the held and planted in a row at a (le])1li 
of 3 inches, where thev' were subjected to natural held rondili<uis i at her 
than to the artificial environment of a fiat. On August 13. 19 ^ 7 - twenty- 
seven days after imxrulation, the ground was carefully st r:i]xal a\vay and 
the plants taken up. The six seed pieces iruKulated with the fungus wen* 
badly decomposed. Four of them had disintegrated to a complelely 
rotten mass. The other two had sprouted, and a small lirm area remainef! 
by the stem. P> oxysporuitt was recovered fi^uu tluse in [jure I'ulture. 
The controls were uniformly healthy throughout. I'late 37^ illus- 
trates a control and a distast'd st'cd piece of this experiment. ^ 

On August 10, 1 9171 fifteen lubei'S were cleaned and sterilized. They 
were cut as before, and one half of tiiem were imx:u!ate<l with a sjx^re 
suspension of F, oxysporum dropped into glass rings, the other fialf 1 >eing 
treated as controls. Five incxmlated and five control seed piect’S were 
planted together in sterilized yjil in each of three flats. . They were 
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watjervd with sterile w^tcr. The flats were set on the edge of a field, 
where ordinary weather factors would act as normally as possible. These 
flats were noted finally on September S, 1917. The control plants were 
healthly throughout, with normal foliage and stems 10 inches long. In 
the first flat only one tuber of the inoculated seed sent up a pair of sprouts. 
One of these was dead and the stem blackened for 2 inches above the 
ground. Although the seed piece was thoroughly decayed, the other 
sprout appeared healthy, as shown in Plate , B, It is characteristic 
in every respect of the field blight. A closer view of, the seed piece, 
together with a control seed piece from the same flat, is shown in Plate 
37, C. In the second flat two seed pieces failed to germinate, owing to 
decay. One was dead, and the stem was blackened. In the third flat 
one seed piece failed to germinate, while four sent up sprouts. These 
had all wilted thoroughly, though death had not yet occurred. None of 
these plants had been subject. to frost. Isolation cultures were made 
from all the diseased plants from the three flats, and F. oxysporum was 
recovered in pure culture in each case. 

On September 9, 1917, three flats were prepared for inoculation. 
Sterile soil was used. Seed pieces of the Pearl variety were inoculated 
with a spore suspension of F. oxysporum in the usual way. The spore 
suspension was made from cultures taken from the diseased seed pieces 
of the inoculation experiment of July 17. No controls were made, 
because (if lack (^f space. Owing to the lateness of the season, these 
flats were taken to Fort Collins, Colo., where, through the courtesy of the - 
Horlicultiiral De[)artmcnt of the Agricultural College, they were placed 
in the grcimhuiisc. The plants were not seen until November 3, at 
which time all were dead with llie exception of three plants, then about 
to die. , , 

On .\ugust 13, 1917, nineteen whole tubers had been jjlanled in 

the field tor tlirce weeks and which had sent up sprouts were inoculated. 
Fniirteeti of them were inoculated with a spore suspension of F. oxy.^porum 
poured into glass tubes entering the epidermis of the tuber; five were 
treated with sterile water as controls. In each c;ise the plant had a 
healthy, vigorous start. On September 9 the plants were taken up and 
examined. The seed pieces of the controls were sound and the plants 
heallhv; seven inoculated plants were healthy, though the seed piece 
was dccuved; the other seven were wilted, the stem was blackened, and 
the seed piece was thoroughly decayed. 

On August 10, 1918, sixty-one plants planted in sterile soil in flats were 
inocnlat^^d with F, oxysporum. Sixteen plants in flats in sterile soil were 
treated as controls. The method of li^dling was different from that 
used before. The seed pieces had been planted with the cut surface 
turned up, about a month previously, and the flats left in a cool place. 
They were watered periodically with sterilized water. By August 10 the 
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plants had gerniiiiated and Kriit up $Uou-, \ i^ornus spidit-^. 
pieces were solid and urniMially ko! 1 oallcni^-d. I-or lia- puiiv.-^' of iiuH i'. 
lation the soil nws sompod away, and a stiudl one :d>..nt i ein. l.iig was 
Uiken out of the upper surface of the so'd \/\ cc w ith a ■ coiln- tool. 
The pit made by the removal of tiie one was tilled with a sjKee Mtspen 
siou of F. Qxysl\>rum and closed with a oner ,L;lass siiu. utd with jn-Uo- 
latuiiL The controls were treated iu the ^nine inainu r, e\iipi tliat the 
pit was filled with sterile water, h'or tlie le xt jo days ihe ll.o ~ wore ex- 
posed to approximately field eunditions. The c, xri riiuent v. .ix de.enn- 
tinned on August 30. At tliat time die inoenl.iU d plmt ; h >d wilted 
to the ground, w^iile the control jihintsweie nonn il, rpon t xauiinatiiin 
of the underground purls of I lie inoculated plants the ixril jiieees were 
found to be wholly decayed, mul tlie main root wj.s hifeeted. The ovits 
were not destroyed nor was tlie main root dee.tscd, leal tlic v.e,enlar 
tissue was woody and filled witli myeehnm. Isolation eultuies made 
from 40 of the inwulalcd i)!ants gave / '. o\yxl\>nnn in pure cult tire. 

INOCt’LATtoNS ON MATino- I't.ANTS 

On August 13, 1917, inoculations were made ou JTuly Ohio ])otato 
plants ill the field for tlie pur^jiise of approximating the disease in its 
mature stage. The plants were in good si»il mid had shown no signs of 
blight from natural infection, though tlie seed piews had been attacked. 
The method employed was very simple! 'I lie soil was carefully M'rajK-d 
aw’ay from the stem to a dc[jtli of 3 or 4 nu lms, and a slit was made with a 
scalixil lengthwise througli one stem of the plant. A wedge of melilotus 
stem upyn which /T oxy^ f>omm had been eiiltnred, and which Imre my* 
cclium and spores plentifully, was inserted in the slit, aiul the whole (H‘iiig 
Covered witli soil. I'orty-si.'t {)Iants were inoculated with the fnugns» 
and 26 were treated as controls. <;n S< pUMiil)er i-S llu'sc jilanls were 
taken to the laboratory for examination. Ail of the plants had Iw'O or 
more stems, but in the case of the plants inoculated with oxysporum 
only the treated stem showed any injury. The plants treated as controls 
recovered from the mechanical injury, and the wound healed. I'latc 
38, B, shows a control plant and the method of iiiscrling the w'cdge. ()i 
the inoculated plants 3 were lost, 4 i^howed no infection, 2 sliowfd weak 
or doubtful infection, and 37 showed |xisitive infcctinii. Steiiis showing 
infection were typical of the natural blight in every respect. I he stenu 
were dead, blackened, and shattered in most cases. Plate 3l^» A, illus 
trates two stems of the same plant; the stern at the left vvas iiKKrulated, 
the one a,t the right was not, and shows no injury. Of the 37 stems show- 
ing positive infection 20 were selected at random and isolation cultures 
made. These jneldcd pure cultures of /*. oxysporum in -18 cases, the 2 
others being badly contaminated. 
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MODE OF INFECTION 

Hitherto infection of potato plants by F. oxysporum through the root 
hairs and small rootlets has been accepted as the usual method. Smith 
and Swingle {16, p. 1 3) said this occurred, and Manns {6, p. 306) reasserted 
the fact. In case of the cowpeas and cotton, Orton (7, />. 70; 8t p. 8) 
found this manner of infection in both cases. Cromwell {5, p. 425) sup- 
posed root infection to be the means of entrance of Fusarium troche- 
philum Smith, causing tlie wilt disease of soybean. Jones and Gilman 
(4, p. 7) found the roots of cabbage to be attacked by I^usariura. These 
numerous instances would call for careful examination of the roots of in- 
fected plants. During the years 1916 and 1917, in only 6 plants out of 
many hundreds examined was this method of infection determined as 
probable in the case of fusarium-blight of the potato in the Greeley dis- 
trict. In 1918 the soil temperature at a depth of 6 inches was 6° F. above 
the average for the month of June of the preceding two years. Plants 
of the Charles Downing variety, planted during the last of May or early 
June, were badly diseased in some fields by being attacked through the 
fine roots and root hairs by F, oxysporum. This one variety was more 
severely attacked than any other, even in fields containing several varie- 
ties. Most other varieties were not assailed in this manner at all, except 
a few scattering Early Ohio plants. Higher temperatures seem to be 
necessary for root infection. 

Infection from seed tubers containing the Fusarium organisms in the 
vascular bundles has been very seldom found. Wollenweber (rp, 20) has 
showm that F, oxysporum overwinters in potato tubers, where it causes 
the familiar vascular discoloration. With the sprouting of the eyes when 
the seed piece is planted the organism infects the new plants and pre- 
sumably causes wilting and death. One of the most extensively advo- 
cated control measures has been aimed to av^oid this kind of infection. 
No trouble lias been c.xperienced with this method of infection in the last 
three years. Field experiments tending to show the nonseverity of this 
method uf infection will be given below. 

vSHKD-PIECtv INl'lCCTION 

In the Greeley district and in otiicr parts of Colorado potato seed pieces 
l)ecome infected with the Fusarium organism from the soil. The cut seed 
is vastly more liable to attack than the whole seed, and the deca>;follow- 
ing infection will begin two or three days after planting. It is justifiable 
to assume that in the average field nearly all cut seed pieces are infected. 
Fields ha^'e been examined in which hundreds of seed pieces were dug a 
few days after planting, and less than 5 per cent were found to be free 
from infection. • The infection occurs through the large open wound of the 
cut surface, lightly protected by callus. The interior loose parench>Tna 
at the center of the tuber, farthest from the active tissue of the \"ascular 



Mm. 17. *919 Fusarium-Blight oj Potniocs u)uhr Inigaium 385 


region, is the weakest and least protected. Tlure is a dilTcreiice in the 
susceptibility of seed of different varieties, but what stHMus more im- 
portant is that seed of the same variety from differiMit s^airoes varies 
greatly in its power of resistance. The mt following infection nia>- Ik* 
swift, and the fungus will destroy the seed pict'c lx*fore genninatiou 
begins. 

Plate 37, H, illustrates a seed piece U|x>u which no eye has germinated, 
though the piece is nearly destroyed by rot. In this ilhislnUiou two dark 
spots are to be noted in the vascular region, <lenoUng vastailar infivliou; 
yet no decay originated at that point. Wlien the decay is slower, tlie 
seed germinates and sends up a ugonms sluxit. Plates 37, D, ami 3H1 
illustrate, cases of germination followed by seed-piece rot. The region 
adjacent to the active tissue is the last to decay l)ec:uisc it is more n*sistant 
and because the decay l)cgins in the loose jxireiiclu'ma and iulvmuvs 
toward the germinating jx)int or place (tf attach men t of the s!iih>1 . Wliere 


decay is delayed sufficiently to allow germination to lake ])lace, the decay 
works slowly throi^h the active region, or it may sii)[) teiiiiH>ianly. 
Plate 37, D, illustrares how the decay is delayed nearest the growing part 
and how it advances evenly toward this region. Plate 30, 1 ), illustrates 
the base of a plant the seed piece of whicli had decaye<l thoroughly. '1 he 
stem is cutaway, showing the healthy tissue within and IheabMaiceof the 


parasite. The general good health of the roots should also J>e tioled. 

Some plants appear to grow normally for a few weeks, after wliich 
symptoms of disease begin to ajijx-ar. The color may or may not change, 
and the leaves may show curling, rolling, or wilting. One lower leaf may 
turn yellow, wilt, and fall, wliile the remainder of the ])laiit is a ]>ielure of 
health. In a single hill containing two or niore s[>ronts the lip of one 
may wilt and the other remain healthy. Jiate .p), C, reprev^nts a jiant 
consisting of two stems, one of which is healthy, the other wilting. The 
Stem at the* left will die. while the stem at tlie right may Uve Ihrotigh the 
season and yield normally. U])on taking u]) such a plant the ch cay f.f tin- 
seed piece will be shown to have advani ed toward mid into the wilt<-d 
stem, while in all cases the root system is healtliy in every Ijrandi. 
Plate 40. H. shows the toji of a plant consisting of three Meins. The fop 
leaf and the one below it on the same stein are willed. Neither llie other 
leaves nor the color of the plant indicated anything a]m<nm:il. Plate 
39, C, shows the seed piece and the three stems of tlie tojis illustrated 111 
Plate 40, B. The wilted leaf showm in Plate 40, B. is on Htc middle stem 
pictured in Plate 39. C, which is at the center of the decay. The stem at 
the left healthy on Plate 4^. is here shown with a slight j^imd area 
remaining in the seed piece. A stem which shows lliesc symptoms m 
early summer when conditions are favorable may not at once ^ccunih. 
but is usually doomed to an early death. Pl^e 39 - H, shoves a young 
plant in wliich the decay advanced continuously from the seed piece into 
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the sttui. Many plants are to be found which show the violent symp- 
toms, wilting, drooping, and death, within a few days. 

'fhe great majority of plants in a field may advance to late maturity 
with no viable signs of I^usarium-bliglit. Entire fields have iieen ob- 
served 'A Inch showed natural waiting caused by delayed irrigation; wet 
jx'rioils may octair, owing to excessive rain following an irrigation; and 
either r>f these conditions are conducive to the increased activity of the 
fungus, though recpvery is possible and often occurs. In an entirely 
healthy held at any period of the season conditions may arise in which the 
blight gains the ascendancy, the plants wilting and dying in the course of 
a week. This may happen as late as September, yet infection did not 
occur iiimiediatcly before the apj>earance of wilt, as t!ie fungus had been 
present since the time of planting. 

Whole seed is protected Ijy a sound ejiidermis underlain by an attive 
vasenilar tissue, the best protection the seed may have. Whole seed 
gcnuiiiates quickly and establishes a sound, vigorous plant weeks before 
the seed piece has been destroyed by fungi, and the plant become.? liable 
to attack. It is not unusual for whole seed to remaiffsound through the 
growing season, though the ultimate death of the nongenninated eyes, 
the woru-out vitality of the vascular region, and the dead epidermis make 
infection jxissible. Injuries in handling or planting, such as are received 
from picker planters, render infection comparatively easy. Clipping the 
stem end to inspect for vascular infection is a most reprehensible practice, 
as it breaks the cpidennis and makes a w'ound in that part of the tube, 
tissue which is lowest in vitality and least in the power of self-protection. 

OCCURRHNClJ or THE CAUSAL FUNGUS 

III the case of seed pieces which obtained a favorable start and sent up 
sprouts the decay is slow. In individuals where it taV;es weeks to decay, 
the decayed watery portion leaches away and a callus form* when the 
growing tissue is reached. Wliere field coiiditipns are right, the fungus 
will continue its slow advance into the foot of the stem, causing no decay 
and slight or no discoloration. As conditions unfavorable to the plant 
arise, the fungus grows in the vascular bundles and causes discoloration. 
Plate 39 j B, shows a 6-weeks’-old stem to the left portion of which the 
decomposed and dried piece clings. Discoloration of the pith is found 
only at the very foot of the stem, and the upper vascular bundles are free 
from any trace of the fungus. In the field this plant would be regarded 
as healthy. In plants of this type the lowest roots on the stem are cut 
off from supplying water, and thereby cause some of the temporary 
queer symptoms to be noted in the foliage. The plant may recover, 
draw on the roots above more heavily, and continue growth. Nothing 
rnore,m^ .happen throu^out the season; harvest may arrive, and the 
plant yield normally. In other cases where the soU is wet and compact 
the fungus is more active; it decays the foot of the stem, cuts off stolons, 
decays new potatoes, and finally kills the plant. Plate 39, A, pictures a 
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plant taken from a field where irrigation water got Jieyond control und 
flooded a portion of the field. The fungus ad\’a!Kvd mpidW, dci'uyed 
the stem, and caused the death of the plant. The advaiux* was sn rapid 
that thexpots were killed for ou^' a sliort ilisiaiicc, remaining uninfect e<l 
2 inches ironi the stem. In severe cast^ notion is raiiul and universal; 

• whole fields succumb, causing the welTknowu epidemics, W^ieu stems 
of rapidly killed plants are pulled up, they are black, soft, luid wet , us is 
illustrated in Plate 38, D. This phuit, naturally infect e<l by F. owafk)- 
rum, is strikingly like the plant shown by Link (5, fi<j. 7), as caustnl l>y 
artificial infection willi this organism, thber organisms fid low cli>sely 
behind the species of Fusariuni and coinplete tlie dtvay of any tissue not 
thoroughly invaded by that fungus. 

IvSOLATION OK C.M.’SAk ORGANISMS 

During the growing seasons of o>i6, IU17, and loifi more than i»5(xj 
cultures have been made in attempts to iyilate tlie eausiil oigmiisins. 
PlantSfili every condition, from newly planted disc'itsed siail to iu*w 
tuber infection at Hjreest, were used as sources of culture. 1'he material 
was selected in the field, and taken at once to the Uilroratory. It wa.s 
carefully washed under slowly running water and paltrd to comparative 
dryness between damp towels. The material was prejxmMl for culluring 
by breaking it open and, with a sharp cliiseUfxunteil jilalinuni needle, 
transferring small pieces from the <lesi ruble areas to luljes containing 
sterile mclilotus stems. 

In making these cultures too many jnecautions can not l>e taken to 
keep within very small areas with tlu' needle, llie line of dematialion 
between apparently firni tissue and diseas<*il tissue is dehnile and naitow. 
Cultures made from the firm tissue immediately beftne the line, und on 
the line, were usually pure, and sixirulated readily. 'I issue back of the 
line gave many contaminations; too far in advance gave no gn>\vlli *it all 
in culture. In decaying seed pieces it is well to kei p within 2 imn. of the 
line of decay. In the green tissue of gnawing stems lit lie trouble will In- 
experienced if the stems arc not broken or torn before culturing; ami, 
as infected stems soon iK-cume woody, a stilT sharp m edle is uecess;iry 
in culturing from them. Any blackened tissue will usually yU U\ a cul- 
ture. These infected tis.sues invariably yield si)ecies of Puvirmm, 
though, if decay has advanced to the point of disinUg ration, con tain 
Hating organisms will be present. .S/yojmn- is frequently 

found in both attacked stems and seed {)i-*ces. Jiacteria are rarely 
found in firm or semifirm tissue. 

FIELD EXPERIMENTS 

A series of experiments were pcrformeif with several lots of potator-s 
to determine as nearly as possible the origin tif the disease -developing 
during the growing season, basing the deductions upon the conditions 
106545”— 19 2 
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of the seed at planting time and the symptoms displayed during growth. 
These experiments were carried out in the field under conditions approxi- 
mating commercial field practice, and no methods of culture or treatment 
were used at any time after planting ^hich would not have ^en used 
by a commercial grower. For the purpose of this experiment it was 
conceded that parts of the same seed potato, grown under like condi- 
tions, would follow within reasonable limits pretty nearly the same course 
of procedure in growth, disease symptoms, and general appearance. A 
difference in two plants from twin seed pieces must be accredited to 
different conditions encountered during the growing season after planting. 
Various lots of seed were assembled in 1916 to test out this assumption. 
Among others, they consisted of one lot of certified Wisconsin Pearl, 
one lot (ff certified Wisconsin Rural, two lots of Early Ohio from the 
Red RivaT Valley in Minnesota, one lot of Rural from the Carbon dale 
District of Colorado. 

All tubers were cut from bud to stem end, dividing the tuber into two 
equal parts. All tubers above 6 ounces were cut into four pieces. • These 
were cut in the field and planted immediately side* by side in parallel 
adjacent rows, 'they were given as^good care as possible during the 
growing season. The summer was excessively warm until July 30, 
1916, at wliich time 3.09 inches of rain fell. The remainder of the sum- 
mer was comparatively cool. Notes were taken four times during the 
summer: Once when tlie plants were about 6 inches high, then when 
they averaged 12 inches high, again when they were full gro^Yn, and 
finally when no normal change was to be expected. No reference was 
made to any previous note; other members of the force were asked to 
assist in the work, and every method employed by whieh an impartial 
diagnosis could be made. 

KKY -TO TAHI.K I. 

I-'or tlic piu'jxisc (if siiininarizing ] /resenting the jjcrfomiance of these tots of 

hiliers, a new forin of table, kiioun as an aggregation table, has been constructed. 
This table nuist not be coniitscd with a correlation table, wliich it resembles in general 
appearance, but not in context. In ;my single roiv of jxit.itoes six different nltiinate 
types of plant ^\e^e recognized. These have been designated as “H, ” “ HD, ” “ DH, " 
" D," “A,” imd “t).” The nnxining of ihcsc s^nnbols are as follows: “H” denotes a 
pl:uit wliieli aiipeared healthy throughout tiie growing season; “HD” denotes a phmt 
whidi it.is healthy during the first part of the seastm. but finished by being diseased; 
“DH” ilenutes a phgit whieh gave iiKinifest.itiuns of disease during the first part of 
the 5ea:*m, but fiiiisheil by l.ieing healthy; “D” denotes a plant whieh was diseased 
throughout the season: '* .\ ’ ' denotes a phuit so badly diseased as to be merely existing, 
with nt> hope of progeiu- : “ O ' ' denotes no germination, or a case in which the seed piece 
sulVered the ma.xiinum of dise.eA* and rotted In the ground. Ail plants in a row fell 
into one of these divisions. In cotnparing tlie plo.nts from twin seed [licccs in the two 
adjacent rows at Uie s.une time it is seen that in classification ccruin coincidences, or 
lack of them arc. sigtiitie:mt. ,Iti the. ease of some plants cKissed as “H” in one row, 
tiic twins in Uie udjo.ccat row were “H” a.Isp; iti more cases they differed for all the 
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other five groups. Originally iti numlK>rinii rous in the fi^ld tlie c\cn au«l M f.»l. 
lowed naturally, so that in the tables the p.irallH udjaa-nt are eu.silydrsi^ 
nated by the terms “even’* and “rtid.-’ In the i.i 5 ,Us the •*evcii “ nm^ iire reaul 
verucally-lhat is. the designating letters tire pl.^rd aen.^« the top, and the ugen-f^atc 
totals for c*h clxss across the Uniom; the -‘cKld ' ' rous are n ad buri/ontallv, the let- 
ters at tiie left and the aggrei^ato totals at tlic rij^lit, Howt \i r, as noted iKlofr^ many 
of the twins differ individually in tlu ir ptrform.nu-e. so^^hai in ot<V r to tliis 

deviation Uic total of one class in one mw is split up .le.vrdiiii: to ilu- immlK'ni r«a|«ired 
to express the reciprocal in tile other niw. A eoiierrte eNninple i^ jtivfii in Tahle i A. 
In the even raw there are 35’ H, -t Hn, 5 1 )H, I 1 >, i ; A, aud t M) j^hmi?. a total t)f .S; 
In theCKid row there arc 3^0 H, 5 Ill>. 7 DU, i D, .'3 und 31 1 1 plutiN. a fut.d c.f ;.s*. 
In conjjKirison with 352 H plants in the even row, for twin in tlu’ o,!d rou, .-.yi 
phmts tire also H, wliile 4 are HI), 7 DU, 1 D, :o A. and . } t). Turuiuii alx.r.t, it is 
seen that, of the 320 H jdants in t!ie »«!(! row, twin for twin in tiie » \ .n tou. 2.;fi arc 
H, 3 HD, 3 DH, t D, II A, ainl <1 o. The simc >ystrin f.^lous for ihr otln i 
cations. It is revealed, tlien, how nc.irlyulihc twin su d pims pcifonu, f.^ wlure 
llii-y are alike the mimhers appr.ir in either the Illi, HDIID, . te . sfpian s down to 
00. Dificrences are shovv ii wlu ii they apjiear i lsewhi ri . 
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TablK 1.- -Aggregation trj seed puce performance of Irish potatoes — Continued 

[) — WFECTgD CRRTIFIBD WISCONSIN RURAL NEW YORKER 
[1 equals 6.*j per cento! 16] 



U. -RED RIVER valley EARLY OHIO. 
[i equals 0,^59067 per cent a( jKO) 


H 

HI) 

141 

■ 

7 

61 

36. s.t- 
•5*- 
7-51-I- 
■ SJ— 
1.81^ 
[6. 06+ 


j 6,48- 

1 i 

! 14 

3' 63*- 

37 

I 

6 

9.59- 
. 16— 
1.55+ 

119 

3 

47 

3 

la 

56. 74- 
.78- 

II. t8— 

•78- 

3.11- 

16.414- 

I)H 

1> 

I i .i6~ 

.1 j ,.«5- 

j 1 4- J4 4- 

■■■■j i « 

. a6-* 

A 

0 

Total . . . 

■ . ■ : 3 

. a6— 

.78-- 

4 

30 : 

1.04- 

S- r8+ 

24J 

61. 9S+ 

J -78- 

j |«j<47 l- 

1 j . a6— j 19 

4-9^+ 

£ 

ji7.6j— 

386 

loa 00 


F.— INFECTED RED RIVER VALLEY EARLY OHIO. 
[ 1 equals 3.R5714] per cent of 35) 


H .16 

45- 7« + 

i 

4 !h.43-- ! I 1 »'86- ! 1 

S.7» + 

»» j 65-71 + 



DH I 3 

5*71 + 



»j 5-7« + 

D ' 

' ! ■ ■ 1 ■ . : i 

A 



. . 1 * ■ ! ! ^ 

3 1 5- 7* f- I 3 

3.86- 
5 71 h 

I 1 1. 86— 

9 ! as- 7t + 

0 1 4 

!M.4.t- 

j 1 1 i.y. • 

Tutal . . .j tj 

_ 1 : 


1 J.**- ^ 6 .17. J 41- I ^ 3. SO- . 5 

14- »9- j 35 |«oo.oa 


( 1 .— t'ARBONDALK RURAL NEW YURttER 


1 1 equals o-iTJs jiCT cent uf 320I 


1 

3(j 1 g. 06 t- ! 

1 ' ! 

^ 1 

j ag « g-o6 4- 

! 1 
1 0.3. f j 

i 

; 5 ! 

f . c6-l- 


: 8.444- 

1 91 

38.44- 


1 0 1 3.13!- 

■ i 

40 .11.50 

3 .6 jt 

8 1 a- 50 

I 1 .314- 

■ ^ 1 

•94- 

j 16 j 

j.oo 

70 

1 31.88- 
-63 + 

7- SO 


i 5 1 1- 56+ 1 


I j -31 + 

1 'iT 

.si4- 

1 ^ j 

1 i.8i4- 

1 

1 

IQ [ 9.06+ 1 

■ 1 ■--* 

39 ;n.x9 

t ! .31 + 

! 10 i 

3.134- 

t_5^ 

|i6. 56+ 


[ 4 '-s 6+ 

Tutal 1 

73 jJi-Bi t- 

i ‘ i 

US I36-87 +■ ! 

! ^ i ' 


5.«- 

M 

j3i.8i4- 

|j20 

j 100. 00 


H. — GREELEY L.VTE OHIO. 


{ r equals i . 1 1 1 1 1 1 per cent (A 90I 


H *- 

45 

SO 00 

,u; 

: 


T 1 , 

3-33 + 

5 

5.56- 


67- 78— 

MI+ 




: 

6 

6 .S- 4 - 1 ....; 





IS- s6- 






1 

1 






J 

1 i.ni 4 - ^ 
1 7 - 78- ' 


1 

i.ti+i:::: 





: 1 

1 a 

1 ». 31 + 

0 



0 


, 

1 

3 

i 3.33+1 


1 13 - 33 + 










Total .. 

60 : 

|66.67- 

I i X.It-f 1 

i 

16 j 


1 ^ 

3 - 33 + . 



1 ** ^ 

|lOO. 09 



r. »7. Fusarium- Blight oj Potatoes under Irrigation' 2 

Table l. -Aggregaiion of sffj ('{,<,■ f'fifomniHtc cf In.^k Coniinuril 
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WISCONSIN PEARL (TAHLE I, A-B) 

Aggregation Table I, A, illustrates tlfe performance of the certified 
Wisconsin Pearls potatoes in 1916. There was a total of 774 seed pieces 
I)Ianted, the result of dividing 387 tubers. The striking thing to be 
noted in this section of the table is the fact that mth the majority of 
diseased plantain either row the twin was healthy. In only 1 1 cases did 
both twins ^11 outside of a hdklthy square, five of these being in the 
square OO. If vascular infection was to act here only the 5 twins in the 
00 square could properly be said to come under control of it, because it is 
the only instance where the performance wds the same for both twins. 
In the cases of the 80 pairs of twins, r of which was in some way diseased 
and the other healthy — that is, those in both rows where i twin was 
an II plant, exclusive of those in HH — it must be regarded that the 
disease was newly contracted. Before planting,^ all tubers were cut at the 
stem end to inspect for vascular discoloration, indicating the presence 
of a possible disease organism. Cultures were made from diseased 
tissue. Only 27 tubers, or 6.98 pc^ cent, showed any discoloration. 
Tabulating then according to the place ^he tuber occupies in Table I, A, 
their places arc shown in Table I, B. 

According to the old conception of the danger of planting diseased seed, 
the 27 tubers, planting the 54 plants here shown should have given some 
sign of disease. The 2 which fall witliout the HH square are healthy 
plants, for one-half of the tuber would indicate no tendency to disease be- 
cause of the vascular parasite, but because field conditions acted as in 
the case of 78 similarly situated plants, as shown in Table I, A. 

WISCONSIN RURAL (TABLE I, C*D) 

The certified Wisconsin Rural potatoes were treated in the same manner 
throughout, and were tabulated in the same way: 444 tubers were used, 
planting 888 hills, and their perfonriance is shoivn in Table I' C. 

The plants in this table are well distributed except in the HD columns. 
The performance of the twins as representing the strictly inherent ten- 
deheies of the tuber seems not to be indicative of any considerable failure 
because of previous faults. There are 40 pairs in 00, and 30 and 67 
pairs in HO and OH, respectively. The factors which placed the 40 
pairs in OO did not act on them as parts of 40 tubers, but as 80 individual 
plants, the same as took place with the 30 and 67 pairs, one-half of which 
were healthy. This variety is peculiar in showing such a contrast be- 
tween susceptibility to disease and \igor to stirvive and grow away from it. 
The tubers of this lot were planted within 10 feet of the lot represented 
in Table I, A. 

Table I, D, represents the place in which those seed tubers fell which 
showed discoloration in the vascular system. These 16 tubers (3.60-I- 
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per cent) are placed in the table aecordini; to the place thev ixvupx in 
Table I, C, and it is rcji^arded as of no siiiiiiikaiu'e that they fall where 
they do. 

KARLV OHIO tTAiuj; I, i: K) 

The ICarly Ohio seed oh t:\ined from the Red River VaUev consisted of 
two lots. These lots were grown st^paraielv, but their jK^l'orniamvs were 
so nearly alike that tliey have been coinbine<l and picseiited in raljh- 1. 
E, as one lot. 

This table shows plants falling in llie 1)11011, HU, AA, ami t )n vpulK‘s, 
a tendency not noted in the previous tables. In the case of llic plants 
falling in DIIDH, it would apjXMr that some sja^cial weakness had devel- 
oped in the 22 plants grown from these 1 1 tiilrers which pla<rd them lliere, 
Inherent weakness, then, can Il(^t \)Q predetennined hy mere examination 
of the tubers, because Table I, F, which rej)rcs<.*nts the hfcatiniiof the 
tubers showing vascular discolomlioii (<).o 7 ~-|H‘r cent), placed according 
to their location in Tables I, H, has none repn‘senled in OIIOII. 'Hiese 
plants outgrew their earliest diseased condition, and linished the season 
in apparent healthy condition, '['aide I, hi, d(KN not indicate, lujwever, 
any strong vigor on the part of this lot. 

Table I, F, represents the ])lace the 3,s InlK is of Tal>!e I, ii, which 
showed vascular discoloration fell, j)lac!ng llu in according to t heir liK a- 
tion in Table I, Iv. 

Rt’RAI. N'i:\V VOUKI-K (T-Mil.l- I.i: ) 


One lot of seed of the Rural .\ew ^'o^kcr variety was obtained from 
the Carbondalc District of Colorado. It consisted <.f tubers, free 
from vascular^liscoloration, and was rcgardi-cl as slin-k of snjM iuir ipiaJif v. 
selling at an advanced price. Table I, (ri illustrates the almost complete 
failure of this seed through seed-pie<e infection and rot in the t.recley 


District.# 

In this table, where so mnch disease is re))reseiiled, tin* conspicumis 
absence of plants falling in tlie HD columns (1 in the even ro^^), and 
in the DD square, is signiheant. Root infection di<l not occur; ikj vascular 
discoloration was present in tl.e seed. The ^reat |,re|Km<leraiu c of 
plants in the 00 square and the O eolnnins, sli.nvs clearly tliat a niosi 
serious inherent weakness is present in the seed to willisland nifeet.on 
from the soil. The nu.nt;er of plants that did ..ot eveiilnally her,, me 
healthy, having previously gr.^wn and Ix-en diseased, are very few. 
There L a strortg tendeney to dieor survive (H or Dlf J, .or the plants that 
are H or DH were vigorous at the end of the season. I he others either 
failed, as in 0, or gave evidence of a gradually .i«:hmng health, as m 
D and A The lack of plants in the HD columns ft m the efen row) >« 
further evidence that a healthy plant mamtains its ixisition. 
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LATU OHIO DISeASieO SBED (TABLE I, H*l) 

In the fall of 1915 several fields \||re visited for the purpose of staking 
diseased hills of potatoes. The hills selected all showed black^ing of 
the stems and death of the tops, with many cases of rot in the tubers. 
At harvest th& badly decayed tubers were discarded for the reason that 
they were in ^ condition to keep through the winter. The tubers 
showed a large percentage of vascular discoloration, and the remainder 
were believed to be infected, though not seriously. All came from hills 
a%cted by Fusarium-blight, Cultures ^ere made from the stem.end of 
all showing discoloration, and all jdelded species of Fusarium. The 
tubers were cut and planted as twins in adjacent rows and given the same 
culture as the lots mentioned above. Table I, H, shows the performance 
of such seed of fhe variety Late Ohio in the year 1916. 

The complete absence of any plants falling in the D columns is the 
outstanding feature of this table. At best, only the 6 pairs represented 
in DHDH square could be said to show the results of vascular infection, 
especially from the occurrence of 5 of them in the DHDH square in Table 
I, I. Compared with Table I, E, which represents a healthy Early Ohio 
variety, the advantage in health is with the home-grown seed. 

A table representing the places in which the 50 tubers (56.66 -h per 
cent) showing decided vascular discoloration fell, is shown by Table!, I. 

PEARL DISEASED SEED (TABLE I, J-K) 

One lot of diseased seed consisting of 1 38 tubers, Pearl variety, acquired 
in the same manner as the Late Ohios, were cultured from the stem-end, 
and planted under the same conditions as other lots. Table I, J illus- 
trated the performance of this badly diseased seed stock. • 

Two things are conspicuous here: The Jack of plants in the D columns 
(one in DO) , and the comparatively large number in the O and the HD 
columns. These are not to be accounted for here altogether Ifccause of 
their vascular discoloration, because Table I, which represents where 
the 53 tubers (38.41 — per cent) fell which showed discoloration, does not 
account for the majority. Plainly these plants have been weakened by 
disease, their power of resistance lessened, and their vigor impaired. 
Examination showed tliat soil infection acted here to produce the disease, 
but a comparison of Table 1, J, with Table I, A, reveals the great weak- 
ness acquired by these plants, which made them so easily attacked. 
These tubers W'ere extreme cases, being stock that would not ordinarily 
get into commercial seed. The circumstances surrounding this lot of 
of seed tends to explain the true reason why farmers of the Greeley Dis- 
trict prefer to pJant newly introduced seed every two years. 

Table I*, K, represents the places in which that seed fell which showed 
pronounced vascular discoloration, according to the place they occupy 
in Table I, J- 
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PEARL DISKASKP SKKl) (TABLE I, 1.) 

In 19^7 seed, Pearl vai^ty, was st'curwl, each lulxr of which 

showed positive vascular infection by s[>ecies of Pns;iriuin, as provrn by 
isolation cultures. Conditions were generally more favorable for potato 
growth early in the 1917 season than they were in the >916 s^^jisots, luid 
less favorable late in 1917 tlian in 1916. Table 1 , I„ sljpws the ix-rform- 
ance of this badly diseased stock. 

IDAHO Kt'KAL (TAUl.E 1, M) 

One lot of seed from Idaho, known as Idalio RuraU, and liealthy 
throughout, were treated in tlie same inaiimT. No IuIkt showed disease 
or infection in tlic vascular system, 'the performance of this lot of s<vd 
is illustrated in Table I, M. 

The similarity between Tables I, L,and 1, M,is striking. The prescaico 
of plants in the HD columns is attributed to the unfavorable late si-asou 
in 1917* This is taken to account for the uniform liealth as represented 
for the diseased P(;arl variety in Table 1 , L. 

There is no reason to suppose that if nu-re chance luid n|x-rated as to 
have each seed fall where its twin fell, and vice versa, that the result 
would have been the same in any table. iCach M'ed piece was sur- 
rounded by a different set of factors which (►perated to bring aixml 
disease or apparent health. For lliat rcawjii it is unlikely tluit t!ie results 
of a single year can be diiplicate^l, though the av(Tage of similar years 
ought to strike a fair average. 

UtSUASP Rli.SlSTANCK 

In the fall of 1915 a field of potatoes was chosen upon whicli to conduct 
an experiment in disease rcsii^ance. It was one calculated to offer etop 
failure if one was reasonably jiossible. One end of tin* field was while 
with alkali, the soil was heavy, an<l drainage was i^xir. .\ i>ortioM of the 
held already had po\atoes on it, snppt^sedly of the I Vail variety. It 
presented a very ragged apjiearance owing to skips, rliseas<-d jilants, 
and mixture. Two of the best-looking rows were seleeteil to work ujKm, 
and all the diseased and mixed plants were staked. After fit>sf the staked 
plants were taken out by hand, and the remaining li(*allhy [ilanis were 
harvested with a machine. In 19 it'* this mtiI w^as planted on an a<l]om- 
ing plot. All the plants came up healthy and with increas*-.! vigor. 
Some plants succumbed to blight during tlie seaym, but at h^ast yi iht 
cent reached baiv^est. Again in 191^ s<‘veral rows were inspeeted, the 
diseased and mixed plants staked, and tlie bcaltliy ones harveste.l as 
before. These were planted in 1917 ^ arljr^miig the rme us^l in 

1916. In comparison with other potatoes in the field, the vigor and 
health of the selected seed was notable. Very few dist-awd plants were 
to be found, and skips in the rows were rare. These plants promised 
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well for another year, when a mistake was made in watering by the farmer, 
the ground became water-logged, and the entire field was lost through 
blight in the mature stage. 

SOIL CONDITIONS AND IRRIGATION 

Soil conditions materially assist the plant or the fungus. If the 
ground is well moistened and loose when the seed is planted, a strong 
vigorous start may be obtained by the plant which will carry it well 
beyond the immediate reach of the fungus. It has been the common 
practice to withhold irrigation until the new tubers begin to set. If the 
plant can endure withholding artificial watering until the new tubers 
set, it is well to delay, but to postpone it until the plant is suffering 
acutely, brings it to a condition from which it never wholly recovers. 
The fungus will make headway in a drouthy plant. After irrigation 
water has been supplied, it is expedient to cultivate deeply, because 
irrigation water packs the soil tightly. Too great an application of 
water on heavy soil may leave the soil puddled, in which condition it 
must remain for several days before cultivation is possible. If this is 
accompanied by a rising soil temperature, the ill effects are increased. 
Occasionally a heavy rain will puddle the soil late in the season preced- 
ing harvest. This may occur on ground irrigated too late. In such an 
event it is common for the plants to blight generally and die. The 
damage now is not in the death of the foliage or the death of the plant, 
but in the rot which will attack the new tubers. This is a black-rot 
which may cuter by way of the stolons, a common mctliod, or through 
wound orlenticel AJ'hcn such tubers have begun to rot, they are a total 
loss. If the rot has not been detected in the field, it may occur later 
in the bin, causing a worse trouble. All the tubers of a plant may not 
be attacked, however, and in such a case dbntrol consists in getting them 
out of the ground without delay. Early varieties in which the new 
tulx-rs have time to come to full ripeness are inore_ susceptible than late 
varieties. 

At this time correct irrigation practice is unknown. No rule can be 
formulated, because each piece of ground requires different treatment. 
During some years it is expedient to “irrigate up,” meaning to water 
the field immediately after planting. If the soil is too dry, irrigation is 
necessary for germination and will carry the plant for the maximum 
length of time before rewatering. Harm results if the water appbed in 
addition to the soil moisture present creates an excess. Irrigation of a 
plowed field in which nothing has been planted is impractical, owing to 
the absence of row ditches^ and the fact that a certain time must elapse 
before anything can be planted. Cultivation should be given after each 
irrigation, so long as it cai\ be dofte without damaging the plants below 
ground. Sandy soils need less cultivation than heavy soils. The best 
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judge of the soil on any farm is thf fanntT has worknl wiili it 
Each parcel of land has its own pectiladius. and advia* on the liiuidUu}; 
of land should be specific. The wry lu-sl otudiliiais <»l*taliiable for tin* 
potato should prevail Ihrouglioiu llic season, and so lon>; as the farmer 
can control the environmental eumUtions no tremble isjlkely to result. 

CtA'TKOU 

Control of Fusarium-blight has luH Ix-en attained. IhlTeienl iiuIIuhIs 
have been cm^oyed, three of which offer reasonablv' lu»pe of sikwss. 

First, selection of plants whose proj^eny will oiler nsislanee tn tlie 
invading organisms. For this jnirpose, exiHTimenls are U*ing carrieil 
out with standard accepted varieties known to lx‘ suitisl to the hk'ality. 
It is possible to select for resistance and have it ^nidiially evidenee<l in 
The performance of the plants, as in the field experiment no(i*d above. 
That is satisfactory so long as some overwhelming eirnmistanee does 
not infrrvenc and wipe out tlie work of years. At hist, resistanee is but 
a relative thing. 

Second, control by seed treatment, file attempt lias been imule, not 
to kill something that may be on the seed as in the orthodox see<l treat 
ment, but to coat the cut seed with a preservative or fungiei<le which 
would remain vital througliont tlie si-ason, jireventiiig infection. Could 
this be done, it would offer an easy solution to the iiroblem. I'.xperi 
ments were carried out in 1917 to test out the effect of dilTen-iit solutions 
None of them gave satisfaction. Several lots of jxitatoes wvtv treated 
and planted on May 18, with several dilTemit mixtures aial cm 

pounds, all of wdiich for s<jnie reas<)ii or other were suspected <»f haviwg 
some possible preservation value, 'flie seed used was the Uural variety, 
and.wascut in the usual way. The meth-xl of apidication depemled upon 
the nature of the fungicide, and this is noted imdiT “ Keniarks” m I able 
II. One lot was treated with a S[)ore suspension of /■• oxysporunt for 
tomparison. On June i<j, i-JiS a similar (-.xperiininl was ina.ie «illi a 
few lots. The results of these ex|)irinunls are r;iv.n m lalile II, and 
are the data taken from counting 6w plants. 
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TablS II. — Effect of various se«d treatment on germination of Irish potatoes 
PtANTKD MAY 18; COUNTED JUNE 1 5 


Treatjnptif. 

P«T- 
cenUse 
of EW* 
minsh 
Uon. 

Remarks. 

Nicotine sulphate 

75 ■ 

Dipped. Solution i to 8,000. 

Ik)rdcau mixture 

68 

Dipped. Formula 5-5-^o. 

Charcoal 

90 

Dusted. Seed remained unusu||ly firm. 

Hypochlorous acid “ 

0 

Dusted. Seed killed by trcatmuit and rotted by 



several oiranisms. 

F. oxysporum 

35 

Sprayed. 'Strong spore suspension. 

Iron sulphate 

40 

Dusted. Some seed killed. 

Idthum carbonate 

0 

Dusted. Thoroughly and quickly rotted. 

Mercuric chlorid 

60 

Dipped. Solution, 1 to 1,000. 

Mustard oil 

70 

Sprayed. 

Controls 

85 

Dipped in water. 

Whole seed 

97 

Dipped in 3 per cent solution of copper sulphate. 


PUANTI'I) JUNI-: 19; counted JUI.Y 15 


1 

Charcoal 

1 

82 

Dusted, 

F. oxysporum ' 

0 

Sprayed. 

Onion luicc 

55 

Dipped . Expressed juice of onions. 

Control, cut 

88 

Dipped in water. Average field performance. 

Whole seed 

99 j 

No treatment. 


0 SkiTH, J. I,, et ftl. AN'TISEPTIC ACTIO V OP HVPOCIILOHOUS ACID AND ITS APPLICATION TO WOUND TOHAT- 
KRNT. /n Brit. Med. Juur., 1915, nu. 3 ^ 47 , p. 129-1J&. Jui/ 34, 1915 ) 


In the first planting the charcoal treatment gave better germination 
than the controls, but fell behind in the second planting. None of the 
others were worth the trouble of treatment. The whole seed gave much 
better stands and of more healthy vigorous plants. 

Third, in applying the best-known cultural practice to the propagation 
of the potato. For this no rules can be given. Each farmer should 
judge the condition of his land, its moisture content, tilth, and apparent 
needs. Rotation with grain and legumes is advisable, allowing the land 
to be cropped with alfalfa as many years as possible before potatoes are 
planted. Methods of irrigating and cultivation during the growing 
season should be investigated at the time for the field , in question. 
Plate 41 , A, shows a field planted with good seed, but owing to the dry- 
ne^ of the soil at planting time infection set in, and the fungus destroyed 
from 60 to 80 per cent of the seed, with the resulting poor stand. 

GHNIiRAIv DISCUSSION 

Infection of potatoes by F. oxysporum from the soil through the seed 
piece has never been recorded before, so far as is known. That it is of 
widespread general importance on alkali soils is believed, from conditions 
noted in several potato-growing regions of the West. In parts of the 
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San Luis Valley, where sti many unfavorable cotHiitit)ns are at work, 
owing to subirrigatioii and a high water table, tlie large majorilv tlie 
potatoes show signs of this infection. Other invi^sligators have found 
vascular infection of the seed lo W the catise of much tionlde, and tlu* 
seriousness of that manner of infection cIscwIutc can not 1k' judgx'd from 
these experiments. In the Greeley List riel, where th^f husju i urn- blight 
has been so serious for many years, a fortunate change lias taken jilacv. 
This is regarded as being due to the iiitroductitin of oilier crops, |)olatoes 
being brought into the crop rotation only once in four years or'moie, 
The use of seed* beans, sugar beets, grain, and alfalfa in the detiuite rota- 
tion is extending the time between the same ero|>s with o>rrt*s|>4>r)«ling 
advantage to each. The jxjtalo was desirable as a high prieed crop, and 
still is, and the percentage of loss is less with rotation. 

Alkaline soils are a favorable medium for Fusiirium spp, Pratt (u) 
found them to be alnnidant in virgin desert soils. The luolific and lux- 
uriant*gp'Owth of species of Kiisariuni on alkaline media in jinre cultures 
is an indication of what may be expr*^!^! in part in alkaline soils where 
humus is abundant. In disease investigations of this kind it wa^ found 
desirable to conduct the experiments as much as possible in tin* held, for 
the reason that conditions there came about nutumlly, and tin* res|X)ns<* 
was immediate and proportionate. Greater care must be taken to note 
and record every conceivable change of condition. In the gross the 
changes from day to day are observalile and are rmirded hy suitable 
instruments; but the changes that occur in the plant are more <ieHeate 
and rapid than gross observations indicate. Ivach scpiare forit of siiil 
has its own conditions, not dislingnishable from the adjoining s(|u:ire 
foot perhaps, but of sufticient difference to be felt by the ]>lant. 

The plant feels these things and res[X)nds. If resistmit st^ick is to 1 m* 
selected, these changes and conditions should be known, and the finer 
symptoms indicated by the plant must be rect;gnize<l for the ]»ui|K>se 

of analysis. . , . . . 

‘ Temperatures of the soil are vital as regards mfivtion. ih<* <TiticaI 
temperature for infection lias not been ileterniine.l and it vanes for tlie 
manner of infection. Se-ed-pieee iiif.ctioii will iK ciir at a eoiisideralily 
lower temperature than r<wt infection. In the Carlmndale Disliicl at a 
higher altitude and in cooler soil than the Greeley Ihslnet, on y those 
piLtsshow Kusarium-wilt syniplonis winch have d.siayed seed piito^ 
Usually the seed piece remains sound throughout the si'av.n t her.-, and 
the plants are free from blight. In the Greeley ‘ 

atur« are higher, and the seed pieces are gwerally attacked. K«it 
Son occurs with tempemtur« higher than the average. As the 
plants get larger and shade the ground, and the roots penetrate de eper 

occurs when the ^tatoes 
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’ better would be the potatoes. The current reasons for this are many and 
varied, but the principal one given is that there is less blight in the 
soil. This may mean fewer fungus oi^anisms in the soil, but that does 
not seem to be the case. In several instances potatoes grown from good 
stock on. soil previously in alfalfa for nine years have been observed as 
badly diseased as the same seed on soil only one year in alfalfa. The 
organism was present as abundantly as ever, and wherever the condition 
of poor cultivation or heated soil was present, the disease was manifest. 
The true value of alfalfa preceding potatoes lies in the fertilizer incre- 
ment and mechanical improvement added to the soil, and not to any 
dearth of Fusarium spp. 

The use of whole seed is suggested, not as a means of controlling the 
blight, but of avoiding it. By the use of whole seed is meant not culls 
and otlier small potatoes, but tubers in good condition, well selected, 
and preferably of i^-ounce weight or greater. Whole seed has been 
many times condemned as yielding quantities of unmarketable small 
potatoes, and from the horticultural point of view this is a serious fault. 
Under irrigation, however, Ihc writer believes that whole seed can be 
made to yield nearly as many marketable tubers as cut seed. The 
increased stand resulting and the fact that no labor is required in 
cutting would promise a return commensurate with the initial increased 
cost of the seed. In one commercial field in 1918 the yield from whole 
seed was 100 per cent greater tlian that from cut seed of the same 
variety. This field is shown in plate 41, B. ITie cut seed was planted 
on tile left and the whole seed on the right. The photograph was taken 
at inidscason. Sandsten (/j) believes that whole seed is preferable to 
cut seed in dry-land fanning because it prevents seed-piece rot. 

SUMMARY 

the disease of jxjtatoes in I lie field caused by Fusariuvi spp., princi- 
pally F, oxyspomyn^ whereby death of the |)lant or decay of any part of 
it is brought about, is to be regarded as tliffereut phases of the same 
disease. For that reason it is desirable to apply a generally apjilicable 
name covering all stages. The tenn “Fusarium-blight" expresses this 
adequately. 

Two methods of infection are recognized; Infection from the soil of 
roots and rotit hairs, and infection of tlie seed piece, w'hereby the plant 
becomes diseaserl. The latter method is regarded as the most serious 
and responsive to environmental conditions in the Greeley district of 
Colorado. 

Three melhods of control are suggested,' none of w'hich have yet 
proved wholly effective. First, selection for disease resistance, a method 
shown to be effective only to a minor degree. Second, superior cultural 
conditions for the potato plant, whereby it may always maintain a 
degree of resistance to pathogenic organisms through activity and 
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healtli. Lengthened nuaiioii iktkxIs euiploWng otlier crops followed by 
alfalfa improve the nutritive and niechauicai proix*rties of the soil xvhile 
a judicious irrigation practice adai)led to the particular Held and i^Mson 
involved combined with suitable cultivation should constantly main- 
tain a steady and adequate, but never excessive, supplv of moist me ami 
insure suitable tieration, Ihis is the inciluxl available U) t!u' farmer, so 
far as he knows what const it titcs the best coudi turns for his land through 
out a gi\ cn season. I bird, bv the usi‘ of whole MH'tl, fixa* from wound 
or injury, thus preventing sevil jiiccc infcctiop, or at le.ist uiaintaiuiug 
the plant free from infection for the maxiimini length of lime. The ctum 
bination of the two last-named measures probahlv cnustiiutes the nu»st 
effective measures for coiUnd of I'Usarium bliglit . 

It is believed that more than one si)eci(^ of l-usarium is able to bung 
alx)iit each phase of the blight. l\ oxyyf'orum in ])ine vulinre umler 
suitably controlled and natural c(Hi(liiii)ns has been fomul to lU tliis. 

Three general stages of the iMisariiim blight are ircf^gni/ed. l-itst, 
the stagb in wliich dccav and dealli of the seetl jnece and new jTiui 
occurs before the lu'w slumi eiiiergc'S fnun the ground, (armination 
may or may not have occurred, S<.‘Coiub the 1 iter stage, in whieli the 
young plant shows niaiiv and di\erse symptoms of iufeitiou b\ / joa 
rium spp., often resulting iti death. Some of tlie-e iii.Liiifest.itiDus me 
not fatal, and recovery is ])ossil)le. 'lliiril, ilu* mat me st.ige, resulting 
in death, tisually at an advanced state of grow ill, often with inferiiitu 
and decay of the new tnlxTs. 

Different variclies of potatoes show inaiki d variation in their lieliavior 
under the same general conditions. '1 lure is an inluK'iil weakm ss in 
different strains of the Knral \ uii’tv toward ins.trium blight , arten 
tuated bv the conditions umler wliieli the seid was gjowai. I he IV ail 
variety shows these weaknesses, but to a minor <Ugree, unless bronghl 
to a poor condition by previous subjection to rliseas^'. 

\"ascular infection of the seed is not the starting point of ilise.ise, l>nt 
is one of the condilinns assisllng in bringing uDjuI (henasecl m'.istame 
to new ill lection from the soil. 
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PLATE 37 

Effect of Fusarium-blight on seed pieces of potatft: 

A. “Early Ohio seed pieces; Control above; pieces inoculated with F. oxysporum 
below. 

B. — Early Ohio plant. See piece inoculated with F, oxysporum. 

C. “Early Ohio seed pieces: Control (left) and inoculated (right) seed pieces. The 
control shows the method used in inoculation. 

D. — Seed piece well decayed, resulting from soil infection. 

E. — Seed-piece rot in field. 
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Plate 38 






PLATIC 38 

A. — Inoculated and uninotnlatcd steins of same |Xitato plant. vStem at ri^hi 
shattered Ijy /•'. oyyxl^orunt. 

H. — Potato plant (control i. sluj^in^^ nullaxl of iummlatinK with wed^r of im-liloius 
stem . 

C. —Seed-piece rut in field. The yonnj; potatfj plant lias not yi l Ih i ii a1laek.ed 

D. — Potato plant naturally infected by 1- . oxyif'orum in the tieUl. 



PLATE .^9 

Potato stems shuwinj; sc'cd -piece rot: 

A. -— StetA split to show rotting due to organism entering through seed piece from 
soil. Note decay of nx)ts from |)oint of attachment outward. 

B. — Stem split to show slight discoloration at base where infection from soil-infected 
seed piece occurred. 

C. — Seed piece of potato plant shown in Plate 40, B. The center top leads to the 
center of decay. 

D. Seed-piece rot in field . The seed piece is well decayed, but plant is unaffected 
and the roots are healthy. 




Plate 40 







TLATIC 40 

Potiito jil.iJils t<’<i l)y r'usiiritiiti Mij’lit : 

A. — Potito Lite in s<':w)n wiili rolltd It mv( s I'tjv.itiimi Iiliilit 
H. — Top of poliilo pl.iut consisting of (lircc slt ins. < hic l< ;(f mi otu •.ii-m i-u -aiKi d 
vScc Plate 39. C. 

C. -Potnto ppnit rtf t\v<j steins, on*- ;it It ft showing; l‘'ti':.irii!Tii M . ■ >r uilt 1 .m-- <! 
bv Sr-((PpU’Cc inu-ctioii. one at rii;!!! In .iltliv. 

T't,— Plant with rolP ! lc.i\is <;ra(!ii.tll>’ <l\iii;' frmii bhidii 

late in season. 



PLATE 41 

A. — A field of potatoes showing the result of unfavorable cultural and soil condi 
tions, by which sccd-piece rot destroyed 6o per cent of the stand. 

IL A field of potatoes planted \vith whole seed (rows to right) and cut seed (rows to. 
left) at midscason. The hills planted with whole seed gave a loo per cent greater yield 
than those planted with cut seed. 
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